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After the initial rapid development of multicopters during the last decade 
(Battsengel et al., 2020; Kovalev et al., 2019), a tendency towards implementing 
drones in specific environments is on the rise (Nex & Remondino, 2019). For 
indoor task solving, smaller by size and weight unmanned aerial vehicles (UAVs) 
are required (Croon & Wagter, 2018; Khosiawan & Nielsen, 2016; Molina et al., 
2018). Another trend in UAV innovations is increasing the number of rotors with 
the purpose of attaining certain benefits thereof (Zabunov & Mardirossian, 2018). 
The herein presented drone design is suitable for large and small drones and 
is applicable to various tasks and carrying different kinds of payload, but we see 
the major purpose of implementation of this aircraft in ionization radiation sources 
surveying within buildings. Hence, we have directed our efforts towards making 
the smallest possible multirotor that is still capable of carrying various radiological 
sensors as payloads. 
Our 36-rotor UAV is built around a few novel ideas that improve its 
characteristics both when involved in general tasks and when fulfilling its main 
purpose – radiological surveying. These novel ideas are elaborated on in the next 
section. The used radiological instrument onboard the UAV is also developed by 
the authors and is described further on in the present article. 
The application is in radiation related disasters such as the Fukushima 
Daiichi nuclear disaster of 2011 (Kawatsuma et al., 2012) or the Chernobyl disaster 
of 1986 (Berger, 2010). In such scenarios there is a need for containing the 
dissemination of radioactive materials inside buildings and the surrounding terrain. 
Another task is to investigate the contamination of natural resources in physical 
proximity to the incident. For the solution of these problems, one could employ 
robotic platforms. They are used to search, survey, and map the dissemination of 
the radioactive materials and estimate the radiation dose at different locations inside 
the affected region. 
Another application may be the detection and control by law enforcement 
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Figure 1 
The 36-rotor Multicopter Prototype Design 
 
 
Note. Total weight of the craft is 450 g. Dimensions: 455 x 430 x 100 mm. 
 
Related Existing Projects 
There are existing robotic platforms developed with the purpose of 
radiological surveying. These fall into mainly two categories: ground based and 
airborne systems. For very specific situations, sailing robotized vessels may be 
engaged. For use inside buildings only ground based robots have been developed 
so far with few exceptions. Examples of ground-based robots for radiological 
surveying are the CARMA 2 platform presented by Bird et al. (2019), the JAEA-3 
robot described by Kawatsuma et al. (2017), and the Quince robot by Nagatani et 
al. (2013). The development of these robots was motivated by the Fukushima 
Daiichi nuclear disaster. Another ground-based robot is the proposed design by 
Chaiyasoonthom et al. (2015). It is a tracked robot equipped with Geiger Müller 
tube for γ- and β-surveying. Zakaria et al. (2016) have developed a three wheeled 
robotic platform utilizing again a Geiger Müller counter. One more tracked robot 
was proposed by Kim et al. (2017). Still another three wheeled robot was presented 
by Dudar et al. (1994) in a U.S. patent. We should also mention the somewhat 
successful use of Lunokhod during the Chernobyl disaster (Zarowny, 2011). The 
robots had radiation hardened electronics and were protected from the radiation 
levels met on the Moon surface. Nevertheless, due to the extreme radiation levels 
at the Chernobyl site, the employed two machines failed some period of time after 
their engagement (Anderson, 1990). 
A good overview of the existing airborne radiation mapping systems is 
carried out by Connor et al. (2016). The drones in their research have total weights 
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above 1 kg and are not suitable for indoor flying except one design – the solution 
proposed by Boudergui et al. (2011) consists of a 0.9 kg indoor flying UAV for 
radiological observations carrying two different sensors weighing 20 g and 70 g 
respectively. The drone is a standard design – a quadcopter using brushless electric 
motors and a Li-Po battery. Martin et al. (2016) elaborated on a standard design for 
outdoors flying and mapping of the environment for radiological sources. As such, 
the project is developed around a multicopter carrying a 200 g radiological sensor. 
The UAV has total weight of 7 kg and is navigated by a GPS system. The procedure 
of mapping is carried out by flying along a predefined route. 
A fixed wing solution that covers large areas and works well in windy and 
harsh conditions was proposed by Connor et al. (2020). Still another platform for 
outdoor flying was proposed by Mochizuki et al. (2017). Their development is 
intended for use in the Fukushima-Daiichi accident site. They are employing a 
commercial drone with total weight of 4.2 kg and 1 m maximum dimensions. The 
mounted payload is a compact Compton camera weighing only 1.9 kg. 
After investigating the existing flying platforms for radiological surveying, 
we were not able to identify many indoor drones for this purpose (Boudergui et al., 
2011). The solutions are mostly based on commercial drones and existing 
radiological instruments that were mounted to the drones as payload. This approach 
offers quick results but responding to stringent requirements for surveying radiation 
sources inside buildings requires a design purposely developed for that task. 
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Figure 2 
Airframe Design of the 36-Rotor Drone 
 
 
Note. The rotors are positioned using a honeycomb geometric covering. With yellow colour are 
marked the clockwise turning rotors, with orange colour – the counter-clockwise rotating ones. The 
blue boxes show other avionics modules and payload compartments. 
 
Most of the existing robots for radiological surveying are developed around 
non radiation hardened/resistant electronics. Nevertheless, these systems have high 
costs (Bird et al., 2019). It is true that cost is relative and depends on the situation, 
but we should note that having electronics vulnerable to radiation will presume a 
high frequency failure rate. This drawback combined with a high unit cost renders 
such a project extremely expensive to operate. 
As it was already mentioned, the large weight of most existing flying 
platforms prohibits their use inside buildings. The few designed for that purpose 
are still heavy (0.9 kg) and lower total weight may be chased for. Considering the 
pointed-out shortcomings of the present technology we suggest a novel airborne 
platform addressing these problems. 
 
The 36-Rotor Multicopter Design and Prototype Development 
The design is an electrically powered multirotor aircraft employing brushed 
motors and constant pitch propellers. We have chosen to utilize as large a number 
of rotors in our UAV as feasible. Thirty-six (36) was the number of rotors advised 
by the geometric symmetry in accord with the chosen spatial rotor distribution as 
explained below. Thirty-six rotors are also divisible by 6 as our aim was to use 6 
channels to control the rotors. An even larger number of rotors is possible, but in 
order to keep the dimensions of the aircraft within reasonable limits we estimated 
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that we cannot go any higher. If, still, a larger number of rotors is to be used, the 
motors should be chosen smaller in size. This would render the design extremely 
complex to prototype, test, and maintain. 
 
Figure 3 
Airframe of the Prototype 
 
 
Note. Weight of the airframe is 50.7 g. 
 
 In comparison to standard designs, we see in everyday usage such as 4, 6, 
and 8 rotor drones, a larger number of rotors, in this case 36, results in rotor 
vibrations frequency bandwidth being shifted towards higher frequencies. This 
helps filter the mechanical vibrations better and using cheaper dumping 
constructions. Also, the audible noise the aircraft emits, when at higher frequencies, 
decays quicker with distance, making the UAV harder to spot by acoustic signature 
as noted in (Marichal et al., 2014; Radkowski & Szulim, 2013; Verbeke & 
Debruyne, 2016) and Piercy and Embleton (1977). Further benefits of the larger 
number of rotors include the lower risk of catastrophic failure should a single rotor 
malfunction. The final, but not least important benefit of using larger number of 
rotors, is that each rotor accumulates a smaller fraction of all rotors rotating kinetic 
energy. In such a way, if a given rotor disintegrates in flight the released kinetic 
energy through debris will be a smaller fraction of the total energy of all rotating 
parts in the UAV. The same logic holds if a rotor gets into contact with an object – 
only the kinetic energy of that single rotor will interact with the object. 
In our design, the 36 rotors are divided into 6 groups, each group consisting 
of 6 rotors turning in the same direction (see Figures 1 and 2). The control of the 
electric motors is realized using 6 channels control circuitry – one channel manages 
6 rotors. Each 6 rotors in one channel are driven in parallel. Another novelty in our 
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design is the airframe that is built according to the honeycomb optimal geometric 
coverage design (see Figures 2 and 3). 
 
Figure 4 
The Prototype Having the Motors and Propellers Mounted to the Airframe 
 
 
Note. The weight at this stage is 203.8 g. 
 
This design helps achieve maximum density of the rotors without overlapping 
of their rotor disks. Optimal geometric coverage is proven by the single plane 
densest circles packing also known as hexagonal honeycomb packing (Steinhaus, 
1999). It has a packing density of: 
 
(1)  𝜂ℎ =
1
6
𝜋√3 ≈ 0.9069 
 
The honeycomb approach of rotor geometrical distribution was successfully 
implemented in a 12-rotor multicopter model (Zabunov & Mardirossian, 2018). 
The so achieved compactness of the design helps lower the weight of the airframe 
and hence the total weight of the aircraft. Further, the dimensions of the aircraft are 
thus minimized – a property of immense value when navigating the drone inside 
buildings and passing through doors and windows. 
 The next novelty in our design is the mounting position of the rotors. They 
are mounted under the fuselage. For this purpose, we make use of pusher propellers. 
The undermount propeller approach was implemented by Yoon et al. (2017), Theys 
et al. (2016), and Zabunov and Mardirossian (2018). The electric motors in our 
design are attached to the fuselage in an undermount style and off-body (see Figure 
1) with distance between the propellers and the motor hubs of 0.4 rotor radii. As 
previously tested while developing the 12-rotor aircraft (Zabunov & Mardirossian, 
6
International Journal of Aviation, Aeronautics, and Aerospace, Vol. 8 [2021], Iss. 2, Art. 8
https://commons.erau.edu/ijaaa/vol8/iss2/8
DOI: https://doi.org/10.15394/ijaaa.2021.1585
2018), if the propeller discs were positioned too close (0.2 rotor radii or less) to the 
airframe a significant propeller induced flow interference with the fuselage would 
occur and a degradation of the aerodynamic efficiency of lift would result (Theys 
et al., 2016). It was already mentioned that increasing the number of rotors in a 
multirotor aircraft favours the mechanical filtering of vibrations caused by the 
rotating propellers. When using undermount rotors the propeller induced vibrations 
in the airframe and related acoustic noise are further significantly diminished which 
translates to better aircraft stability and less interference with the payload (Yoon et 
al., 2017). In the case of undermount propellers, the lower vibrations and acoustic 
noise is due to the lesser propeller induced flow interference with the airframe. In 
contrast, in the case of overmount propellers, the propeller wash would lead to 
pulsating dynamic pressure on the fuselage and consequently created audible sound 
waves. The advantages of employing undermount pusher propellers were tested in 
an experimental 12-rotor aircraft proving a 7% increase in lift efficiency with the 
tested 12-rotor design (Zabunov & Mardirossian, 2018). 
Our prototype development was not only based on the aforementioned ideas, 
but also on the task of indoor radiological surveying. The payload the drone should 
be able to carry was consisting of a radiological sensor. To be able to fly inside 
buildings and negotiate doors and windows, our prototype had to have certain 
maximum dimensions. After considering the dimensions of standard doors and 
windows we designed a prototype with dimensions of 455 x 430 x 100 mm (Figure 
1). This limitation established the type of motors we selected to use – brushed micro 
motors with 7 mm diameter, 20 mm height and 0.9 mm shaft (see Figures 1 and 4). 
The employed propellers are 55 mm in diameter. 
Another requirement for the prototype was to be low cost. A radiological 
surveillance robot is subjected to high radiation doses and harsh conditions, as 
noted above, and has high probability of malfunctioning. Lower cost of the UAV 
would enable the operator to employ a larger number of units in a given mission 
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Figure 5 





The prototype development started with the construction of the airframe 
(Figure 3). Its weight is 50.7 g. The next step was to mount the motors and 
propellers (see Figure 4). With these fit the weight raised to 203.8 g. By installing 
the rest of the avionics and the payload and battery, the weight totalled at 450 g 
(Figure 1). 
Figure 5 shows the general diagram of the aircraft systems and avionics. In 
the centre of the electronics is the autopilot Z-Pilot Nano, developed by the first 
author Zabunov (2016, 2019). This autopilot weighs 5 g and its current version is 
capable of driving brushed motors in 6 separate channels. 
An image of the autopilot onboard the 36-rotor aircraft prototype is shown in 
Figure 6 and its block diagram is depicted in Figure 7. The autopilot is developed 
around the ARM core NXP microcontroller model MK22FN1M0VLL12. This 
microcontroller has 32 bits architecture and exhibits digital signal processing 
capabilities such as a floating-point unit. It is manufactured in a 100-pin low-profile 
quad flat package (LQFP) with 0.5 mm pin pitch. The microcontroller offers two 
analogue to digital converters (ADCs) of the type successive approximation register 
(SAR). The maximum resolution of the ADCs is 16 bit. The processor offers 128 
kiB random access memory (RAM) and 1 MiB flash read only memory (ROM). 
The maximum operating frequency is 120 MHz – a speed totally adequate for the 











Note. Z-Pilot Nano autopilot along with the UHF radio receiver (top) and Wi-Fi module (right). 
 
The processor is clocked using a crystal oscillator and stable frequency 
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The motor control channels are also part of the autopilot and are realized 
using 6 metal oxide semiconductor field effect transistors (MOSFETs). The 
brushed electric motors are powered using pulse width modulation (PWM). By the 
help of PWM approach the autopilot is capable of controlling each channel’s 
average voltage and the power output of the motors connected to that channel 
respectively. 
The autopilot employs an inertial measurement unit (IMU) realized using 
microelectromechanical 3D gyroscope, 3D accelerometer and 3D magnetometer. 
A barometer is installed in the autopilot having altimeter resolution of 10 cm. 
The rest of the electronics include the drone power source – a Li-Ion or Li-
Po battery with nominal voltage of 3.6 V and 3.7 V respectively. Our prototype 
uses a Li-Po battery with capacity of 8 Ah, but Li-Ion batteries of the 18650 
standard are applicable and better suited for their higher energy density. For the 
purpose of powering different schematics onboard, voltage step-up converters are 
installed. 5 V is needed for the video transmitter, while the radiological sensor 
requires additional 28 V supply. 
 
Figure 8 




The camera installed is a standard NTSC video camera. It is connected to a 
5.8 GHz video transmitter whose stereo audio channels are used for data 
transmission from the aircraft (a one-way radio link). Another one-way radio link 
but used to transfer control signals to the aircraft is realized using a small ultra-high 
frequency (UHF) receiver module (see Figure 6 – top). The third radio link is a two-
way radio module employed in the realization of a Wi-Fi connection (see Figure 6 – 
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right). The Wi-Fi radio connection is redundant and may be employed in place of 
the other radio links or simultaneously with them in order to diversify the 
communication data transfer and improve the bandwidth and reliability of the 
information exchange with the drone. The Wi-Fi radio link effectively enables the 
drone to work as an Internet of things (IoT) device. For a block diagram summary 
of the used radio links see Figure 8. 
The last part of the electronics is the ionizing radiation sensor. It is scrutinized 
in more detail in the next section. 
Ionizing Radiation Sensor 
For the purpose of ionizing radiation surveying by means of robotized 
platforms we have developed a radiological sensor suitable for small sized robots. 
The main motivation was to enable robots penetrate buildings and perform 
investigation indoors. Further condition was the sensor to be applicable to ground 
based and flying platforms which raised the requirements for the device’s weight. 
Hence we accepted an upper limit of 10 g weight for the sensor. In order to achieve 
this goal an analysis of the available ionizing sensor technologies was carried out 
(Garcia-Sanchez et al., 2018). 
 
Figure 9 





The expected sensor ability to register ionizing particles was defined as 
minimum and maximum requirements. The minimum requirement was defined as 
registering gamma and beta particles while the maximum one was to sense gamma 
and beta particles, neutrons, accelerated protons, and accelerated heavier ions. 
Although radiation sources not emitting gamma and beta particles are rare, an 
ability of the device to register broader variety of particles is an advantage. Alpha 
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particles are not in our interest at this moment, because their penetration in air is 
quite limited and searching for radiation sources by alpha emission will not be 
fruitful. Nevertheless, a future variant of the instrument might include an alpha 
sensing module for the purpose of radiation source identification and danger 
estimation. 
Another function that was to be offered by the instrument was a spectrometer 
function. It is used to identify the type of the radiation source. The last requirement 
was to keep the cost low and it was established along the same low-cost requirement 
as for the whole flying machine. 
By studying the technologies applicable to electronic radiological surveying, 
we identified two groups of instruments: gas detectors and solid-state detectors. 
The first technology precedes chronologically the solid-state devices and involves 
the usage of gas filled tubes inside of which high voltage potential is established. 
Solid state detectors, on the other hand, are using semiconductor devices, in most 
cases PIN photodiodes, and scintillator materials. What follows is an analysis of 
the available technologies (Garcia-Sanchez et al., 2018) and their advantages and 
shortcomings in respect to our design requirements. 
 
Figure 10 
Ionizing Radiation Sensor 
 
 
Note. Ionizing radiation sensor is mounted on the 36-rotor drone airframe using sprung suspension. 
 
Geiger-Müller tubes are a type of gas detector. They are tubes filled with a 
special gas in the volume of which high voltage potential is established using two 
electrodes. When an ionizing radiation particle strikes the gas molecules the latter 
ionize. The ionized molecules and the knocked out electrons accelerate in the 
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direction of the oppositely charged electrodes respectively. Due to the high 
acceleration, they ionize in an avalanche process other gas molecules on their way. 
An impulse of electric current occurs between the electrodes. Because of the 
avalanche process the current amplitude is not related to the ionizing particle energy 
and the Geiger-Müller tube cannot be used for spectrometry. It only counts the 
ionizing particles. Hence, this technology was rejected. 
Another gas tube-based device is the ionization chamber. It again uses two 
electrodes with high voltage across. In most scenarios the used gas is air and the 
tube is open so that air could freely circulate inside it. Just like the Geiger-Müller 
tube, when a gas molecule is struck by an ionizing particle the molecule ionizes. 
Here the electric field is not as strong as with the Geiger-Müller apparatus. This 
prevents an avalanche effect (Shrivastava & Henry, 2009). The ionization inside 
the chamber causes current to flow between the electrodes. The current is 
proportional to the intensity of the ionizing radiation. Neither counting nor spectral 
analysis is possible with this device; that is why it is unsuitable for our needs. 
A third gas tube technology is the proportional counter. It is similar to the 
Geiger-Müller tube with the distinction that the voltage is so chosen that the 
impulse caused by the avalanche process has an amplitude proportional to the 
energy of the ionizing particle (Seco et al., 2009). This device is applicable as a 
spectrometer and a counter. We abandoned it because it is cumbersome, heavy, and 
expensive and involves very high voltages making the circuitry complex and harder 
to maintain. 
From the solid-state detectors, we have examined the PIN photodiode and the 
scintillator-based devices. The PIN photodiode detector works by having the 
ionizing particles cause ionization in the semiconductor material resulting in 
current impulses to occur related to each ionization event. The impulses have 
amplitude proportional to the energy of the ionizing particle. This makes the PIN 
photodiode suitable for spectrometry and counting (Semkova et al., 2018). PIN 
photodiode-based detectors are capable of registering not only gamma and beta 
particles, but also accelerated protons and heavy ions, and neutrons with energies 
above 1 MeV (Spur & Dachev, 2003; Spurný, 2005; Spurný et al., 2009). 
Scintillation detectors consist of transparent materials that scintillate upon 
ionizing particle bombardment. The light emitted in such an event is registered 
using a photo detector. For photo detectors traditionally photo multiplier tubes were 
employed. Recently with the advent of new scintillation materials photo diodes 
have become advantageous for this purpose. The intensity of the emitted light is 
proportional to the ionizing energy of the particle released inside the scintillation 
material. This property along with their very high efficiency make scintillators the 
best technology for spectrometry (Seco et al., 2009). We have identified as the best 
candidate for future development to be the caesium iodide doped with thallium 
scintillator. It is not only registering neutrons along with gamma and beta particles, 
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but using signal shape analysis, separation between neutrons and gamma rays may 
be achieved (Ashida et al., 2018). 
Overall, we identified two suitable technologies for our purposes – the PIN 
photodiode detector and the scintillator-based detector using photodiode as photo 
sensitive element. Both technologies guarantee small form factor and lightweight 
detectors. The cost of both devices is acceptable. Our current design employs a PIN 
photodiode. 
The diagram of the sensor used in our UAV is shown in Figure 9. This 
detector is sensitive to gamma and beta particles, also to accelerated protons and 
heavy ions and fast neutrons (Semkova et al., 2018). The electromagnetic and light 
shield of the sensor is made of 50 µm copper foil supported by two printed circuit 
boards (PCBs). The photodiode and the internal electronics are soldered to the 
PCBs. The whole device is sprung suspended on the airframe of the UAV 
eliminating the detrimental effect of vibrations on its performance (see Figure 10). 
The sensor is developed around two compartments – one for the photodiode and 
one for the rest of the electronics. 
The photodiode compartment is sealed (see Figure 9) – neither light nor 
external air is allowed to enter inside. The pressure changes are accommodated by 
the foil elasticity and pose no problem to the operation of the device. The chosen 
PIN photodiode is Hamamatsu S5107. It has 100 mm2 active area and 0.3 mm 
thickness of the sensitive silicon volume. The diode has maximum reverse voltage 
of 30 V and is reversely biased by 28 V power supply. The shielding of 50 µm 
copper foil allows gamma rays with 60 keV energy and higher to penetrate the 
device and be registered. Most beta particles are also readily captured. More details 
on the ionizing radiation sensor performance are disclosed in the next section. 
The second compartment houses two amplifiers: a transimpedance amplifier 
that acts as a preamplifier of the weak signal coming directly from the photodiode; 
and an amplifier and signal shaper. The latter feeds the signal to one of the 
microcontroller’s ADCs. The central frequency of the amplifier filter is 16 kHz. 
We have configured the ADC to work in 12-bit mode with the maximum 
sampling frequency available – 530 kHz. Thus, we achieve a detailed image of each 




We performed laboratory test in order to estimate the sensitivity of the 
sensor and its capabilities for spectral analysis. We conducted several tests using 5 
different radioactive sources. Table 1 summarizes the radioactive sources used 
along with the counts per minute our device has registered when positioned in close 
proximity to each source. 
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Tested Radioactive Materials 
 
Radioactive 
source Emits γ and/or β particles 
Counts 
per minute 
Background γ + β 5 
Americium-241 γ 590 
Radium-226 γ + β 1239 
Uranium-238 γ + β 48 
Thorium-232 γ + β 54 
Potassium-40 γ + β 15 
 
 
Figure 11 presents the spectra of the background radiation and the 5 
radioactive sources we examined. There are 512 channels in the spectrum. All 
sources have wide spectra except Americium-241. The latter could be used to 
calibrate the sensor for 60 keV gamma photons peaking in channel 1. All other 
channels are spaced proportionally to channel 1. Characteristic spectra are observed 
and it is clear that the device is usable for radioactive sources identification. It 
should be noted that besides Potassium-40 and Americium-241 all other sources 
contain radioactive daughter nuclides, most of which have reached dynamic 
equilibrium in the samples – for example the daughter nuclide Bismuth-214 in the 
Radium-226 and Uranium-238 samples. Observed characteristic behaviour of the 
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Figure 11 




Conclusions and Future Work 
Our successful results have encouraged us to continue work on unmanned 
systems for radiological surveying and on ionizing radiation sensors suitable for 
payloads. We plan on future development of the sensor and the UAV. Our 36-rotor 
aircraft requires means of navigating and route planning within buildings. The use 
of time-of-flight camera is being under consideration. 
Another field of improvement is the radio communication within concrete 
buildings. We are considering supplementary radio links working on different 
frequencies that would yield longer range in such circumstances. 
The radiation resistance of the UAV’s electronics can be improved. The 
current microcontroller model installed in the autopilot may be replaced with a 
radiation resistant microcontroller. Employing radiation hardened device is not an 
option due to the prohibitively high cost of such parts. A possible substitute is an 
NXP Kinetis microcontroller having higher noise immunity. Worth considering is 
the MKE02Z64VQH4 model. It has been observed to work properly after receiving 
an X-ray dose of 30 krad(Si). The microcontroller was subjected to 20 keV X-rays 
(Leite et al., 2017). Although having lower processing power and no floating-point 
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unit, it still offers a 32 bit ARM architecture and plenty of capabilities to perform 
the required tasks. 
The ionizing radiation detector would be considerably improved when 
upgraded by adding a scintillation sensor to it. Both, the PIN photodiode and the 
scintillator would work in tandem. This approach is helpful in avoiding saturation 
of the scintillator. Such a saturation could occur under very high doses of radiation 
rendering the whole scintillator sensor useless. Functioning of the device under 
such circumstances could continue properly when the scintillator is supplemented 
by the current PIN photodiode-based sensor. The latter would continue to work as 
its saturation threshold is much higher than that of the scintillator device. The 
combination of PIN photodiode and scintillator increases the dynamic range of the 
apparatus. This way essentially the whole system is enabled to stay operational in 
large variety of scenarios. The scintillator is beneficial when investigating weak 
radioactive sources and searching for such at a distance. Another benefit of 
implementing a scintillation sensor is the increased sensitivity to high energy 
gamma rays, (a noticed drawback of the PIN photodiode-based device), and the 
ability to separate gamma rays from neutrons. 
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